The existence of dark matter has been established in astrophysics. However, there is no candidate for DM in the Stand Model (SM). In SM, the Higgs boson can only decay invisibly via H → ZZ * → νννν or DM, so any evidence of invisible Higgs decay that exceeds BR (H→inv.) will immediately point to a phenomenon that is beyond the standard model (BSM). In this paper, we report on the upper limit of BR (H→invisible) estimated for three channels, including two leptonic channels and one hadronic channel, under the assumption predicted by SM. With the SM ZH production rate, the upper limit of BR (H→inv.) could reach 0.24% at the 95% confidence level.
I. INTRODUCTION
Many cosmological evidence have pointed that dark matter (DM) exists in the universe, such as rotation curves in galaxies, galaxy clusters mass evaluation and gravitational lenses in galaxy [1, 2] . However, there is no candidate for DM in the Stand Model (SM). In collider physics, the Higgs portal model points the only interactions of the DM field are via Higgs field [3, 4] . The Higgs field might be the portal between the DM sector and the SM sector. One of the methods is to directly search the Higgs decay into DM, where DM is interacting weakly with ordinary matter. Therefore the DM particles produced by the Higgs decay will be completely invisible in the detector. In SM, the Higgs boson can only decay invisibly via H → ZZ * → νννν or DM, as shown in Fig. 1 and its branching ratio is 1.06×10 −3 . Therefore, any evidence of invisible Higgs decay that exceeds this branching ratio will immediately point to a phenomenon that is beyond the standard model. The invisible decay of the Higgs boson will be a sensitive probe for new physics. The search for the invisible decay of the Higgs boson has been performed at the Large Hadron Collider (LHC). The signature for the invisible Higgs decay at the LHC is a large missing transverse momentum recoiling against a visible system. The result at the ATLAS and CMS gives an upper limit of 26% [5] and 19% [6] on the Higgs boson invisible branching ratio BR (H→inv.). Because the hadron colliders always suffer from a huge number of backgrounds, it is tough to even for the future high luminosity LHC to measure the DM directly. However, it is possible for the precision measurement at an electronpositron collider. The electron-positron Higgs factory is an essential machine for understanding the nature of the Higgs boson. Compared with the LHC, the Higgs production cross-section is available with the recoil mass method without tagging the Higgs decays. In this way, the property of the Higgs boson can be measured precisely without reconstructing the Higgs boson by its decaying products. Therefore, the Higgs boson production can be disentangled in a model independent way. Moreover, the lepton collider has a cleaner environment than the hadron collider which allows better exclusive measurements of Higgs boson decay channels.
The Circular Electron Positron Collider (CEPC) [7] is a Higgs factory proposed by the Chinese high energy physics community. CEPC is designed to deliver a combined integrated luminosity of 5ab −1 to two detectors in 7 years. Over one million Higgs boson events will be produced during this period, and it will operate at a center-of-mass energy √ s ∼ 240-250 GeV. Benefiting from these large statistics, also combined with less energy spread and a more effective particle flow algorithm, the high precision measurements of the mass and width of the Higgs boson can achieve. The upper limit of BR (H→inv.) in [7] on CEPC is based on version 1 of CEPC, which the reconstruction algorithm and samples are different from the paper. Therefore, the two results are less comparable.
The paper performs three independent analyses corre-sponding to µµH, eeH and qqH channels to estimate the upper limit of BR (H→inv.) measurement at the CEPC. This paper is organized as follows: Section II is a brief introduction of the CEPC detector and Monte Carlo simulation. Section III is the introduction of the event selection of three channels. How to get the result of the upper limit and the dependency of the Boson Mass Resolution (BMR) will be discussed in section IV. Section V is the conclusion.
II. DETECTOR AND MONTE CARLO SIMULATION
The CEPC detector is designed by using the International Large Detector (ILD) [8, 9] as a reference, and a physics program of the CEPC is the precision measurements of the Higgs boson properties. The CEPC detector should reconstruct and identify all key physics objects including charged leptons, photons, jets, missing energy and missing momentum. To reach this goal, the detector of CEPC is simulated using Mokka [10] and Geant4 [11] . The simulation contains full simulation and slimmed reconstruction samples without hits. The CEPC-v4 detector is comprised of the tracking system, a Time-Projection-Chamber tracker (TPC), a high granularity calorimeter system, a solenoid of 3 Tesla magnetic field, and a muon detector embedded in a magnetic field return yoke. The tracking system consists of silicon vertexing and tracking detectors. The calorimetry system consists of electromagnetic calorimeter (ECAL) and Iron-Scintillator for the hadronic calorimeter (HCAL) [7] .
The analysis is performed on Monte Carlo (MC) samples simulated on the CEPC conceptual detector. The Higgs boson signal and SM background at a centerof-mass energy of 240 GeV, corresponding to an integrated luminosity of 5.6 ab −1 , are generated with Whizard1.95 [12] . The generated events are then processed with Mokkac [10] , and attempt to reconstruct all visible particles with Arbor [13] . All samples are grouped into signal and background and then classified according to their final states. The Higgs boson signal and part of the leading backgrounds are processed with Geant4 based full detector simulation and reconstruction. The rest of the backgrounds are simulated with a dedicated fast simulation tool, where the detector acceptance, efficiency and intrinsic resolution for different physics objects are parameterized.
The cross-sections of major Standard Model processes of e + e − collisions as a function of center-of-mass energy √ s were used in the simulation, including Higgs production as well as the major backgrounds, where the ISR effect has been taken into account. For the signal, the article mainly focuses on the process of e + e − → ZH, which will be called a ZH process. Then the Higgs will decay into four neutrinos, and Z bosons will decay into leptons or hadrons. This analysis only chooses three channels: Z→ee, Z→qq and Z→ µµ as signal channels.
For the background, the major SM background is divided into the 2-fermion processes and the 4-fermion processes according to the final status. The 2-fermion backgrounds are e + e − →f f where f refers to all lepton and quark pairs except tt. The 4-fermion backgrounds are divided as ZZ, WW, ZZorWW, Single Z, Single W, Single Z or Single W. The four fermion in the final states can be combined into two intermediate bosons. If they are two Z bosons or two W bosons, the processes can be named as ZZ or WW accordingly. For the process whose final states contains a pair of electron and the accompanying electron neutrino, they will be excluded from the ZZ and WW group and named as single Z or single W. The single Z include (e − , e + ) or (ν e , ν e ), and the single W" include (e, ν e ). Some final particles can come from ZZ and WW, and those processes will be named as ZZ or WW. The single Z or single W is similar to ZZ or WW, and the final particles include e − , e + , ν e , ν e which can come from Single Z and Single W.
III. EVENT SELECTION
As mentioned in section I, to improve the precision of Higgs, this article uses the recoil mass method, which doesn't use the information of the Higgs boson decay, and the method is model independent. The signal of this analysis includes three different channels, including ZH (Z→ee, H→inv.), ZH (Z→qq, H→inv.) and ZH (Z→ µµ, H→inv.). Table. I shows detailed information of the signal channels. The muon and electron can easily be identified, and their momentum can be precisely measured in the detector. By tagging the muon or electron or total visible particles from the associated Z boson decays, the signal events can be reconstructed with the recoil mass method. The signal events form a peak in the M Z recoil distribution at the Higgs boson mass, which is about 125 GeV. In event selection, to better select the signal samples, this analysis assumes the BR (H→inv.)=50%. Below is the detailed event selection for each channel. In ZH (Z→qq, H→inv.) process, due to the presence of quarks, there will be many final states. The event selection can use the information of visible particles or jets. The jet is a narrow cone of hadrons and other particles produced by the hadronization of a quark or gluon. The principle of the event selection is based on the distribution of the signal and background at different selection parameters which can give the direct range of this selection parameter, and the signal strength accuracy:
which can accurately judge the selection parameter range further from its value. The comprehensive event selections are following: The recoil mass of all visible particles is the Higgs mass. Considering the resolution of the detector, the M visible recoil is limited to (120,150) GeV. To suppress 2-fermion backgrounds, the transverse momentum of visible particles is required to satisfy 18 GeV< P visible T <60 GeV and the difference of the azimuth angles of the two jets should be less than 175 • . The visible energy is the energy of two quarks which can be described as:
.
In the equation (1) and equation (2), the M Higgs = 125 GeV, √ s = 240 GeV, and the M visible is approximately equal to the mass of Z boson. From the equations of the recoil mass and invariant mass, the E visible should be near 105 GeV, and P visible should be near 52 GeV. The invariant mass M visible closer to the Z boson mass which is 91.2 GeV, and M visible is limited to (85,102) GeV. Due to the presence of quarks, the final state particles may include many neutral particles. So it is necessary to limit the minimum number of neutral particles. The number of neutral less than 15 is selected by comparing the value of the signal strength accuracy. Meanwhile, the leptons isolated to the jets of quarks are selected to suppress the background containing two quarks and leptons. These leptons are called isolated particles, and the number of isolated muons and isolated electrons are zero in the signal channel. Fig. 2 shows the distribution of the signal and background on different cut parameters, which can roughly determine the range of each cut parameter. Table. II shows the yields of signal (qqH) and backgrounds of the cut chain. Since the BR (H→inv.)is assumed as 50%, and the cross-section of ZH (Z→qq, H→inv.) is 136.81 fb, the number of signal samples is 383068. Moreover, the value of the signal strength accuracy √ S+B S is used to judge the efficiency of the cut in each step, and the table also shows the number of remaining backgrounds and signals. After the event selection, the signal selection efficiency is 60.40%, and the total background rejection efficiency is 99.98%. The main backgrounds left are the channels containing four particles: two neutrinos and two quarks accounted for 50%, and the channels containing four particles: tau, neutrino, u quark and d quark accounted for 31%. Moreover, the remaining backgrounds are similar to the signal channel, it is hard to suppress further.
Because the ZH (Z→ µ + µ − , H→inv.) process and ZH (Z→ e + e − , H→inv.) process are similar, the two processes will be introduced together. Firstly, it is natural that only a pair of oppositely charged muons or electrons is required in the visible final states. By tagging two muons or two electrons, many related parameters can be used to suppress the backgrounds. The traditional event selections are as follows: The recoil mass of two muons or two electrons is near the Higgs boson mass, and consider the resolution of muon and electron. The recoil mass should satisfy 120 GeV< M µ + µ − recoil <150 GeV or 120 GeV< M e + e − recoil <170 GeV, and the invariant mass of two muons or two electrons closer to Z boson mass. To suppress the 2-fermion backgrounds, the transverse momentum of the muon pair is required to be more than 12 GeV, and the transverse momentum of the electron pair is required to satisfy 12 GeV< P T <55 GeV. The ∆φ µ + µ − is less than 175 • or ∆φ e + e − is less than 176 • is required to suppress the 2-fermion backgrounds further. The visible energy is mainly the energy of two muons or two electrons, and the energy of two muons or two electrons can be described as:
In the above formula, E µ + µ − /e + e − is E µ + µ − or E e + e − , and other parameters are the same. From equation (4), the value of E µ + µ − visible or E e + e − visible is approximately 105 GeV. From equation (3) and equation (4) calculations,
is less than 2.4, and
and M µ + µ − /e + e − for signal and backgrounds before the cut its own are shown in Fig. 3 and Fig. 4 . The range and effect of the cut is evident in these diagrams.
In Fig. 4 , there are two peaks at the signal distribution of E e + e − visible . Due to the electron and photon will reconstruct into one cluster when the photon generated by the electron is near the electron. The corresponding track of the cluster is identified as the electron, and the energy of the track is the energy of the electron after radiating the photon. In this case, the protection mechanism, which the energy of cluster energy subtract track energy will become a neutral particle, will appear in the reconstruction algorithm. Due to the large energy of the cluster, the energy of these neutral particles will be zero or large value, which corresponds to the neutral particle is identified and unidentified, and this will lead to two peaks at the distribution of E e + e − visible . In the channel of ZH (Z→ µ + µ − , H→inv.), most muon will not radiate and generate photons, so there are not two peaks at the energy visible distribution in Fig. 3 .
In addition to the common selection conditions, in order to suppress the background containing tau particles and quarks, using the tau information as the cut is studied. The introduction of the specific candidate tau can be found in [14] . The candidate tau, which contains tau, electron and muon, is selected by a series of selection conditions. In ZH (Z→ µ + µ − , H→inv.), due to the visible particles of the signal channel is equal to candidate tau, the value of the energy of visible particles minus the energy of candidate tau is around 0 GeV. And in the background channel which contain quarks, this value will be more than 0 GeV. The special parameter is the recoil mass of the visible particles removal the candidate tau, so to change from 1.28% to 1.03 %, which prove that the effect of this selection condition is significant. All the main backgrounds left contain two muons and two neutrinos, which is the same with the signal. Therefore, it is hard to further suppress the background.
In the ZH (Z→ e + e − , H→inv.) process, the event selection uses the candidate tau information to suppress the background containing tau particles and quarks. The reason is similar to ZH (Z→ µ + µ − , H→inv.) process, and the ReM visdtau large than 220 GeV is required. Apart from this, in order to further suppress the background which only contains the tau particles, introduce a special parameter the position of secondary vertexing. Tau particle will decay into other particles, so the position of its secondary vertexing will be greater than the electron and muon, which can be used to separate electron, muon and tau. The parameter of secondary vertex named impact tau is less than 0.0011 in this paper. Table IV is yields for backgrounds and ZH (Z→ e + e − , H→inv.) signal at the CEPC. After the cut of ReM visdtau >220 GeV and Impact Tau<0.0011, the value of √ S+B S change from 2.08 % to 1.72 %. Moreover, the main backgrounds left of this process are channels containing two electrons and two neutrinos accounted for 86%, which is the same as the final particles of the signal channel.
IV. RESULT OF UPPER LIMIT AND THE BOSON MASS RESOLUTION (BMR)
After the event selections, the 95%CL upper limit of BR (H→inv.) is computed using a profile likelihood ratio test statistic [15] in which systematic uncertainties are ignored. On the event selection, suppose the BR (H→inv.)=50% is for the convenience of the signal selection. Based on different assumptions of BR(H→inv.), the relative precision of δ σ ZH,H→inv. /σ ZH,H→inv. is shown in Fig. 5 . The SM value of BR (H→inv.) is 0.106%, which will be used to calculate the upper limit of BR (H→inv.). The likelihood method is µS+B fitting, where µ is the signal strength, S is the signal and B is the background. First, we fit the signal and background samples and get the fitting functions. Next, generate Asimov data separately according to the function of signal and background, and the Asimov data can provide a simple method to obtain the median experiment sensitivity of the measurement as well as fluctuations about this expectation. Suppose µ=1 and get the combination Asimov data of µS+B. Then fit the Asimov data and get the dis-tribution of likelihood profile of µ. The distribution of µ contains the mean value and the error σ µ of µ. The combination likelihood profile of three channels is shown in Fig. 6 where the horizontal axis is µ, and its distribution is the statistical error of the fit. And the horizontal axis corresponding to -∆ log(L)=2 on the y-axis is the upper limit of BR (H→inv.) on 95%C which is estimated to be 0.24% in Fig. 6 . Table. V summarizes the expected precision on the measurement of σ(ZH)×BR(H→inv.) and the 95% confidence-level (CL) upper limit on BR(H→inv.) from a CEPC dataset of 5.6ab −1 . The value of σ(ZH)×BR(H→inv.) is equal to σ µ . The combined branching ratio is measured as 0.106%±0.067% and the upper limit at 95% confidence level is estimated to be 0.24%. Subtracting the SM H → ZZ * → νννν contribution, a 95% CL upper limit of 0.13% on BR BSM inv. , the BSM contribution to the decay of H→inv. can be obtained. The boson mass resolution (BMR) is defined as the resolution of invariant mass of the Higgs at the 240 GeV center-of-mass energy. Base on the CEPC detector, the BMR can reach 3.8% under Arbor reconstruction algorithm [13, 16] . The final accuracy of the H→inv. strongly relys on the precision of BMR. Considering the uncertainty of the system, it is necessary to further quantitatively analyze the dependence of BMR. A fast simulation is performed to quantify this dependence. The fast simulation takes into account the qqH (H→inv.) signal and the background of ZZ (Z→qq, Z→inv.), and suppress this background mainly rely on the recoil mass of Higgs. Fig. 7 shows the dependence of the accuracy of qqH (H→inv.) versus different BMR. For the BMR between 4% to 20%, the accuracy degrades rapidly as BMR increases, and for the BMR less than 4%, the change of accuracy is tiny. For BMR larger than 20%, the reconstructed invariant and recoil mass of the Z boson can not provide significant separation power, and the degrading tendency saturates. If the BMR degrades from 4% to 6%, the Higgs width measurement resolution degrades by 11%. If the BMR improves to 2%, the Higgs width measurement resolution only improves 2%. On CEPC and ILC, BMR is vital for the measurement, which relates to the qqH channel. Therefore, the BMR of less than 4% will be an essential reference for detector design and optimization. 
V. CONCLUSION
This paper investigates the measurement potential of Higgs decay to an invisible channel on CEPC. The up-per limit of Higgs invisible decay is measured with a model independent way for three channels, and also get the combined result of a likelihood profile in section IV. Comparing with the LHC results, which is 26%from ATLAS and 19% from CMS, the upper limit at 95% confidence level of the branching ratio of Higgs invisible decay channel on CEPC will be improved as two orders of magnitude. Comparing with other electron-positron colliders the International Linear Collider (ILC) and the Future Circular Collider (FCC), which the upper limit of BR (H→inv.) is 0.26% of ILC [17] and 0.5% of FCC [18] , and the CEPC result is competitive. The statistic error of the CEPC is much lower due to the high luminosity and large statistics. The impact of the BMR on the ZH (Z→qq,H→inv.) signal strength accuracy has been studied as well, and the obtained curve shows that the analysis result would be one of the indicators for the CEPC detector optimization study.
